Abstract
Introduction and Objectives
The benefit of manual thrombus aspiration (TA) as an adjunctive technique in the reperfusion of patients with ST-elevation myocardial infarction (STEMI) has been hotly debated. The advantage of TA during primary percutaneous coronary (PPCI) is that it reduces the risk of distal embolization of thrombotic material during the procedure, thus improving microvascular perfusion and reducing infarct size. 1---6 Compared to mechanical thrombus removal, manual TA is simpler to perform and is of equal or superior efficacy. 7---9 The introduction of manual TA aroused great interest and it is now widely used in interventional cardiology; it has a class IIa recommendation, level of evidence B, in the European Society of Cardiology guidelines for the management of STEMI. 10 Nevertheless, there is considerable variation in use of this technique as adjunctive therapy to reperfusion. 11 In a recent survey, manual TA was used in less than 20% of PPCI procedures in the US. 12 Although some randomized studies have demonstrated clinical benefit by reducing major cardiovascular events, 13---15 subsequently confirmed in metaanalyses, 8,16---18 other series, including one large-scale study, have not shown the same clinical efficacy. 19---22 However, TA may not be possible in some cases (10% of patients scheduled for TA in the TAPAS study 13 ). The effect of failure of TA in patients in whom it was considered to be indicated has been largely unreported.
The primary objective of this study was to identify the predictors of TA failure in a consecutive series of STEMI patients referred for PPCI, in which TA was systematically used as the first option (bail-out procedures were excluded). The secondary objective was to assess the impact of failed TA on cumulative mortality (cardiac and non-cardiac) in the medium term.
Methods

Study population and definitions
This was a single-center retrospective study of consecutive STEMI patients admitted for PPCI between January 2008 and December 2013. Patients undergoing coronary artery bypass grafting were excluded. Clinical, laboratory and procedural data from admission to discharge were collected from hospital records. The vital status of patients during follow-up was assessed by consulting medical records or contact with the attending physician, the patient or relatives. The diagnosis of STEMI was based on clinical criteria, together with the following ECG alterations: ST-segment elevation of ≥0.15 mV in V2-V3 or of ≥0.1 mV in at least two other leads, ST depression of ≥0.15 mm in V2-V3 with positive T wave (posterior infarction), or new-onset complete left bundle branch block. Only patients undergoing manual TA for a documented thrombus in an epicardial coronary artery and TIMI flow 0 or 1 were included in the study.
No reflow was considered present if after angioplasty distal coronary flow was TIMI <2, or TIMI 2---3 with no contrast perfusing the myocardial capillary territory (myocardial perfusion grade 0), or if, after perfusion, stagnation of contrast was observed (myocardial perfusion grade 1), in the absence of spasm, dissection, or epicardial coronary thrombus, that persisted after intracoronary administration of nitroglycerin and adenosine. TA was considered ineffective if, before angioplasty (balloon and/or stent), coronary flow was TIMI <2 and effective with TIMI 2---3.
Total ischemic time (TIT) was defined as the delay between symptom onset (intense, persistent chest pain) and introduction of the guidewire for PPCI. Creatinine clearance (CrCl) was calculated using the Cockcroft-Gault formula.
All patients were risk stratified using the GRACE scores 23 for in-hospital and six-month mortality and the TIMI risk score for STEMI. 24 The complexity of coronary artery disease was classified using the on-line calculator for the SYNTAX score, 25 version 2.11, all lesions with >50% stenosis in vessels of >1.5 mm being included in the analysis. The culprit artery was defined as the one occluded within the previous three months. The area of myocardium at risk was calculated using the modified APPROACH score, 26 an angiographic score that estimates the proportion of myocardium that is supplied by a coronary segment based on vessel dominance and caliber. This score is easy to calculate and correlates well with the area at risk as assessed by cardiac magnetic resonance (CMR). 27, 28 For example, for the proximal anterior descending artery, the area at risk is estimated at 47.75% if there is a large diagonal vessel downstream of the occlusion and at 41.25% if the diagonal is small or nonexistent. The angiographic analyses were performed by two senior interventional cardiologists; in doubtful cases, the scores were arrived at by consensus or taken as the mean of the individual observations. Left ventricular ejection fraction (LVEF) was assessed by two-dimensional echocardiography (Philips iE33, Eindhoven, The Netherlands) by Simpson's method. LVEF was considered preserved if ≥55%, mildly depressed if ≥45% and <55%, moderately depressed if ≥30% and <45%, and severely depressed if <30%. For the purposes of the statistical analysis, LVEF was classified as preserved or mild dysfunction and moderate or severe dysfunction.
Overall cumulative mortality (cardiac and non-cardiac, in-hospital and during follow-up) was considered a major cardiovascular event. Only patients with a follow-up of ≥12 months after STEMI were included in the analysis.
Procedure and medication
All patients were medicated with aspirin 300 mg and clopidogrel 600 mg prior to PPCI unless they were already taking these drugs. A 6F or 7F introducer was used. Unfractionated heparin (70 U/kg) was administered during the procedure. Use of glycoprotein IIb/IIIa inhibitors and selection of type of stent and other adjunctive devices were at the operator's discretion. Manual TA was performed using a 6F Export aspiration catheter (Medtronic, Minneapolis, MN, USA) in all cases. Following PPCI, patients were admitted to the coronary care unit. Myocardial necrosis markers (troponin T [TnT], creatine kinase [CK] and CK-MB) were measured at 6, 12, 24 and 48 h after reperfusion. All patients were prescribed aspirin 100 mg/day and clopidogrel 75 mg/day at discharge, together with other medication considered appropriate according to the guidelines.
Statistical analysis
The Kolmogorov-Smirnov test was used to assess the normality of distribution of continuous variables, which were expressed as means ± standard deviation or interquartile range for those with normal and non-normal distribution, respectively. Variables with normal distribution were compared by the Student's t test for independent samples, while those with non-normal distribution were compared by the Mann-Whitney test. Categorical variables were expressed as frequencies and percentages and compared by the chisquare test or by Fisher's exact test. Peak TnT, CK and CK-MB were logarithmically transformed for parametric tests. A logistic regression model was used to identify predictors of TA failure with failed TA as a dependent variable. Unadjusted mortality according to TA efficacy was calculated using the Kaplan-Meier method, the difference being obtained by the log rank test. Cumulative mortality adjusted for confounding variables was assessed using a Cox model. Variables with p<0.1 on univariate analysis were included in the multivariate analysis in order to identify independent predictors. In order to avoid overadjustment, the GRACE and TIMI scores were not included in the regression analysis. A two-tailed p value of p<0.05 was considered significant. The statistical analysis was performed using SPSS version 20 (SPSS, Chicago, IL, US).
Results
Of a total of 614 patients with STEMI, 40 were excluded due to lack of data. Of the 574 assessed, TA was used in 417 (72.6%), and was effective in 365 (87.5%) and ineffective in 52 (12.5%). In the latter group, the lesion could not be crossed in four cases (4/52, 7.7%); the operator proceeded to balloon dilatation of the lesions, but TA was attempted again in only one of these patients, which was also unsuccessful. Tables 1 and 2 summarize the clinical and procedure-related characteristics, respectively, of the study population, according to the efficacy of TA. TA failure was significantly associated with non-smokers, higher GRACE and SYNTAX scores and Killip class at admission, and longer TIT. With regard to the procedure, the circumflex was less frequently the culprit artery, and an intra-aortic balloon pump was more frequently used in those with ineffective TA. There was a tendency for a higher rate of previous therapy with nitrates and calcium channel blockers in the ineffective TA group, and lower hemoglobin at admission. In terms of inhospital outcome (Table 3) , the rate of no reflow was higher in those with failed TA. No significant differences were found in peak CK, CK-MB or TnT, or in LVEF at discharge, although it should be noted that enzyme peaks could not be measured in the first 24 h in 21 patients (3.7%), mainly due to death soon after the procedure (n=19 [90.5%]). Of these 21 patients, TA was used in 12 (57.1%), and was effective in seven (58.3%) and ineffective in five (41.7%). Hospital stay was longer in the ineffective TA group. Mortality was also higher (13.5% vs. 6%, p=0.073) in this group, but without statistical significance. On univariate analysis, age, SYNTAX score, current smoking, admission hemoglobin, previous therapy with nitrates or calcium channel blockers, TIT and Killip class III/IV at admission correlated with ineffective TA. In multivariate analysis, only SYNTAX score (odds ratio [OR]: 1.049, 95% confidence interval [CI]: 1.015---1.084, p=0.005) and TIT (OR: 1.001, 95% CI: 1.000---1.003, p=0.02) were independent predictors.
We identified 331 patients with at least 12 months of follow-up after STEMI. It was not possible to ascertain vital status in two of these (0.6%), and so 329 patients were included in the analysis of medium-term mortality (mean follow-up: 24±0.82 months, cumulative mortality rate: 13.9%). Unadjusted cumulative mortality was higher in the ineffective TA group (Figure 1 
Discussion
In this series, TA was scheduled in the majority of patients (72.6%), and was effective in most cases (87.5%). It is plausible that the more organized the thrombus, the less effective TA will be, and it is thus not surprising that the longer the a Percutaneous coronary intervention in non-culprit vessels during the same hospitalization. Gp: glycoprotein; IABP: intra-aortic balloon pump; IQR: interquartile range; PCI: percutaneous coronary intervention; SBP: systolic blood pressure; SD: standard deviation; TA: thrombus aspiration; TIT: total ischemia time.
delay between symptom onset and reperfusion, the greater the likelihood of TA failure. The correlation between TIT and thrombus organization as a predictor of adverse events has been reported in previous studies. 29---32 However, the relationship between SYNTAX score and TA failure is unknown. The technique is more likely to be unsuccessful in patients with unfavorable coronary anatomy such as tortuosity or calcification, or with a large amount of plaque that is Figure 1 Cumulative survival curves as a function of thrombus aspiration efficacy. TA: thrombus aspiration.
at risk of distal embolization, resulting in impaired microvascular perfusion. A correlation between SYNTAX score and risk of no reflow has been demonstrated in some series of patients undergoing PPCI. 33 Excluding patients in whom TA was not performed, for example because the vessel involved was of small caliber or there was insufficient thrombotic material to justify TA, systematic use of the technique might be expected to reduce infarct size when effective. However, this assumption was not confirmed in our series. Although peak enzyme levels can only estimate infarct size, they correlate well with infarct size as assessed by CMR. 34, 35 In studies using CMR to assess the area of necrosis, patients undergoing TA did not show reduced infarct size, 22, 36 even in cases with less microvascular obstruction. 20 With regard to mortality, no significant differences in clinical endpoints would be expected in view of the small sample size. However, the trend observed in in-hospital mortality could be more marked in larger series. Unsurprisingly, in the patient subgroup assessed for cumulative mortality, LVEF showing moderate to severe dysfunction and Killip class III/IV were strong independent predictors of mediumterm mortality. These two parameters, 37---39 together with the area of myocardium at risk, 40 have been reported as markers of adverse prognosis. An interesting possibility is that TA may only have a significant impact in patients with large areas of at-risk myocardium, 41 but specially designed prospective studies are needed to confirm this hypothesis. Renal failure has often been cited as an independent cause of mortality in STEMI patients, 42, 43 and so it is to be expected that higher CrCl values are associated with a protective effect.
The debate concerning the benefits of TA in reperfusion is far from consensus. 44 The conflicting results of studies published to date may be due to sample sizes being too small to assess clinical endpoints and to different methods of evaluating coronary microvascular perfusion. At the same time, it appears that not all patients benefit to the same extent from TA, reflecting the heterogeneity of STEMI patients. Only large-scale studies or meta-analyses will provide solid evidence on the most important clinical endpoints, and so our results concerning mortality should be interpreted with caution. It is known that patients with no reflow have increased long-term mortality. 45 The significant relationship found between no reflow and ineffective TA may be reflected in increased cumulative mortality in larger series, which would enable this association to be studied in more detail. Overall, the results of this observational study are similar to the latest series comparing TA with conventional PPCI. With the exception of a lower rate of no reflow, effective TA did not result in an unequivocal benefit compared to ineffective TA.
Study limitations
Limitations include the fact that this was a single-center retrospective study and with too small a sample size to assess the impact of TA efficacy on medium-term mortality. The rate of TA failure was low (<15%), which may have affected the results.
Conclusions
In our series, TA was ineffective in 12.5% of cases, and TIT and SYNTAX score were independent predictors of TA failure. On multivariate analysis, ineffective TA was not related to larger infarct size or increased medium-term mortality.
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